The ether extract of the New Zealand liverwort Marsupidium epiphytum gave four new prenyl bibenzyl derivatives, along with a known prenyl bibenzyl derivative which has been isolated from the Ecuadorian liverwort Lethocolea glossophylla; their structures were determined by 2D-NMR spectrum. The chemical constituents of Marsupidium epiphytum are highly characteristic since they elaborate dihydrooxepin type compounds and prenyl type bibenzyls. These structures are closely related to those found in Radula spp. (Radulaceae), although bibenzyls with two prenyl groups have not been isolated from the Radula spp. Although Marsupidium spp. are different from Radula spp. morphologically, the constituents are closely related. This is the first example of isolation of prenyl bibenzyl derivatives from M. epiphytum, a species which has not previously been investigated phytochemically.
Liverworts are the most primitive terrestrial plants and occasionally produce unique terpenoids and aromatic compounds. Although the same compounds isolated from higher plants have also been isolated from liverworts, many of these, especially terpenoids, are found as enantiomeric isomers in liverworts. Thus, the chemical composition of bryophytes in natural product chemistry is quite interesting.
In general, the morphologic classification of liverworts is quite difficult, since the morphological characteristics of the gametophytes are small and unclear. Some species of liverworts have been reclassified. For instance, the species Marsupidium epiphytum also has the botanical designation of Tylimanthus epiphytus. Thus, there are two names for the same species. Most liverworts possess oil bodies where secondary metabolites accumulate in cells. Thus, it is important for chemosystematics to analyze liverworts phytochemically since oil body constituents are defining characteristics of the species of liverworts.
Seven species of Marsupidium are recognized in New Zealand.
2) Marsupidium epiphytum COLENSO belongs to the leafy liverwort family Acrobolbaceae. Another species of this family, Lethocolea glossophylla, has been investigated and new prenylated bibenzyl derivatives have been isolated. 3, 4) These structures are closely related to those found in the Radula spp. (Radulaceae), although bibenzyls with two prenyl groups have not been isolated from the Radula spp. Herein, we report the isolation and structural elucidation of four new prenyl bibenzyl derivatives from M. epiphytum, a species which has not yet been investigated phytochemically.
Results and Discussion
The ether extract of Marsupidium epiphytum was chromatographed on silica gel using hexane-EtOAc gradient, giving a mixture of compounds 1-4, together with known compounds 1(10)-aristolene and b-barbatene. The mixture was rechromatographed on Sephadex LH-20 and purified by prep-HPLC on silica gel column using hexane to give four new compounds 1-4.
The electron ionization (EI) mass spectrum of 1 gave a molecular ion peak at m/z 294 as the base peak, and high-resolution analysis showed a molecular formula C 19 H 18 O 3 , confirming 11 degrees of unsaturation. Fourier transform (FT)-IR showed a hydroxyl group at 3588 and a,b-unsaturated carbonyl group at 1626 cm
Ϫ1
. UV spectrum of 1 exhibited absorption bands for an aromatic ring at 296 and 258 nm. The 13 C-NMR spectrum of 1 ( ϩ ) in the EI-MS of 1 provided further evidence for this partial structure. The 1 H-NMR of 1 further showed a downfield shifted hydroxy proton at d 13.40, correlating with three aromatic carbons at d 164.9 (C-5), 112.9 (C-6) and 112.3 (C-4) in the HMBC spectrum of 1. C-NMR spectra of 1 were similar to those of radulanin A (1a) that has been isolated from the epiphytic liverwort Radula species, 5, 6) except for the absence of H 2 -7 proton signal and the appearance of a downfield shifted vinyl methyl group at d 2.08 of 1. Correlations in the HMBC spectrum between the vinyl methyl group at d 2.08 (d, Jϭ0.7 Hz) and oxygenated methylene at d 72.4 (C-11), 154.4 (C-9), and 131.9 (C-8) were observed; subsequently, a remaining partial structure of 3-methyl-oxepin-5(2H)-one of 1 was established. Accordingly, the structure of 1 was established as shown in Fig. 1 .
The FT-IR of 2 showed absorption bands at 3600 and 1627 cm
. UV spectrum exhibited the presence of an aromatic ring at 299 and 256 nm. The EI mass spectrum of 2 showed a molecular ion peak at m/z 310, and indicated a difference of 16 in molecular weight compared with that of 1. The 1 H-and 13 C-NMR data of 2 was similar to that of 1, except for the appearance of an oxygenated proton signal at supports the positioning of the hydroxyl group at C-b. Thus, the structure of 2 was established as shown in Fig. 1 when compared with the spectral data of 1, although its absolute configuration remains to be clarified. Compound 3 was obtained as pale yellow oil. The FT-IR spectrum of 3 showed an absorption band for hydroxyl and carbonyl groups at 3598 and 1652 cm
. The UV spectrum exhibited absorption for the aromatic ring at 259 and 325 nm. The EI mass spectrum had a molecular ion peak at m/z 422. The 13 C-NMR spectrum of 3 (Table 1) Fig. 2 ) supports the structural assignment. In particular, the long range and H-7 indicated the presence of the prenyl group at C4; accordingly, there is only one possible position, C-2, for the attachment of the carbomethoxyl group since the correlations between H 2 -a at d 3.15 (m) and C-1, 2 and C-6 were observed. Acquisition of a nuclear Overhauser enhancement spectroscopy (NOESY) spectrum confirmed the substitution pattern. Namely, correlation between the olefinic H-12 and H 2 -a at d 3.15 (m) and H 2 -b at d 2.73 (m) exhibited evidence for the position of the benzyl methylene at C-1. Accordingly, the structure of 3 was established as shown in Fig. 1 .
The spectral data of 4 closely resembled that of compound 5, which has been isolated from the Ecuadorian liverwort Lethocolea glossophylla. 3, 4) The structure of 4 was deduced by comparing its spectral data with that of 5. The mass spectrum of 4 showed a molecular ion peak at m/z 408, indicating the molecular weight was less than 16 mass units from 5. The fragmentation of 4 displayed characteristics for a benzyl moiety at m/z 91 (base peak) as a stable tropylium ion, while a hydroxytropylium ion at m/z 107 was observed in the EImass spectrum of 5. The 1 H-NMR spectral pattern of 4 was similar to that of 5, except for the absence of the A 2 B 2 signal for 1,4-disubstituted aromatic ring of 5 and for the appearance of five aromatic proton signals at d 7.23 (2H) and 7.32 (3H). Consideration of these spectral data led to the structural determination of 4 as shown in Fig. 1 .
The chemical constituents of M. epiphytum are highly characteristic since they elaborate dihydrooxepin type compounds 1, 2 and prenyl bibenzyls 3-5. These structures are closely related to those found in Radula species (Radulaceae), although bibenzyls with two prenyl groups have not been isolated from the latter species.
Experimental
General TLC was carried out on silica gel precoated glass plates with hexane-EtOAc (1 : 1 and 4 : 1). Detection was with Godin's reagent. 7) For normal phase column chromatography (CC), silica gel 60 (40-63 mm) was used. A mixture of CH 2 Cl 2 -MeOH (1 : 1) was used for CC on Sephadex LH-20 as solvent. NMR spectra were recorded at 150 MHz for 13 C and 600 MHz for 1 H in CDCl 3 . EI-MS were measured at 70 eV. Temperature programming of GC-mass analysis was performed from 50°C isothermal for 3 min, then 50-250°C at 5°C min
Ϫ1
, and finally isothermal at 250°C for 15 min. Injection temp was 250°C. A fused silica column coated with DB-17 (30 mϫ0.25 mm i.d., film thickness 0.25 mm) was used. Semi-preparative HPLC was carried out with a JASCO LC-8A pump equipped with a Knauer RI detector using silica gel prepacked column (10ϫ250 mm, 5 mm; Nacalai Tesque, Kyoto, Japan). Optical rotation was taken on a JASCO DIP-1000 polarimeter. IR spectral data were obtained on a Shimadzu FTIR-8400S spectrometer. The UV spectrum was acquired on a Shimadzu UV-1650PC spectrometer.
Plant Material Marsupidium epiphytum COLENSO (Herbarium specimen Nz 132; dry weight 5.4 g) was collected in December 2000 at Mount Ruapehu on North Island, New Zealand. A voucher specimen was deposited at the Faculty of Pharmaceutical Sciences, Tokushima Bunri University.
Extraction and Isolation M. epiphytum (Nz 132) was dried for 1 week, impurities removed, and then ground mechanically and extracted with Et 2 O for 2 weeks. The ether extract (0.36 g; 6.7% yield of the dry weight) was chromatographed on silica gel using hexane-EtOAc gradient, giving 5 fractions (I-V). 1(10)-Aristolene and b-barbatene were detected by GC-MS analysis of fr. I. Fr. III (30.3 mg) and fr. V (40.5 mg) were rechromatographed on Sephadex LH-20 to afford a mixture of prenyl bibenzyls 1 from fr. III and 2 from fr. V. Then, the mixture of 1 was purified by preparative HPLC on silica gel using hexane-EtOAc (9 : 1 v/v) to afford 1 (2.7 mg; 0.8% yield of the extract). Further purification of the mixture of 2 by preparative HPLC on silica gel using hexane-EtOAc (8 : 2 v/v) gave 2 (2.4 mg; 0.7%) from fr. V. Fr. II (25.1 mg) and IV (20.2 mg) were rechromatographed on Sephadex LH-20 and gave a mixture of 4 from fr. II, and a mixture of 3 and 5 from fr. IV, respectively. The mixtures were further purified by preparative HPLC on silica gel using hexane-EtOAc (8 : 2 v/v) to afford 3 (8.7 mg; 2.4%), 4 (3.4 mg; 0.94%) and 5 (1.8 mg; 0.5%), respectively. The spectral data of 5 was identical to that obtained from Lethocolea glossophylla. 
